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$EVWUDFW  Flood management alternatives are investigated based on sustainable development
criteria (SDC) by using a non-compensatory multicriteria decision-making (MCDM) model, ELECTREIII, to reduce flood damage in a study reach of the Gorganrood River in Golestan Province, north of
Iran. The selection of optimal alternative of flood management is a multi-objective issue and thus
using MCDM models becomes necessary. Considering the physical, social and economic conditions
of the region, a set of structural and non-structural alternatives is proposed for the flood management
in the study reach of the Gorganrood River. To model sustainable development, 11 criteria are
proposed for decisions regarding flood management considering benefits to future generation.
Sensitivity analysis was used to investigate the effect of uncertainty in thresholds and ratings of
alternatives. The results show that a non-compensatory MCDM model is appropriate to incorporate
social, economic and environmental criteria for the ranking of flood management alternatives. In
addition, ranking alternatives is sensitive to changes in the weights of criteria. Nevertheless, in spite of
sensitive weights, the best alternative remained unchanged. The optimal decision achieves an
integrated alternative of flood warning system and flood insurance based on the sustainable
development concept.

.H\ZRUGVELECTRE-III, non-compensatory, MCDM, structural, non-structural, flood management.
 ,1752'8&7,21

Flood management consists of a wide range of plans to reduce destructive effects of floods on human
society, environment and economy. These activities include various structural alternatives, which use
a structure for flood control, and non-structural alternatives, which mitigate damages without
controlling a flood. On the other hand, several social, environment and economic criteria should be
used to assess each alternative. Thus, the selection of the optimal alternative of flood management is
a multiple criteria decision-making issue, and determination of a proper multi-criteria decision making
models (MCDM) is essential.
Flood imposes destructive effects on social, ecological and economic environment, and threatens
sustainable development of flood-prone areas. Flood management can be an integrated solution if
social, environmental and economic instabilities of the region due to the destruction of floods are
controlled, and a sustainable foundation for the development of the region is provided.
According to World Commission on Environment and Development (WCED, 1987), sustainable
GHYHORSPHQWLV³GHYHORSPHQWWKDWPHHWVWKHQHHGVRIWKHSUHVHQWZLWKRXWFRPSURPLVLQJWKHDELOLW\RI
IXWXUH JHQHUDWLRQV WR PHHW WKHLU RZQ QHHGV´ 'HVWUXFWLYH IORRGV MHRSDrdize settlements in the
floodplains and conflict with sustainable development in these areas. As a result, flood management
activities can be considered as a part of sustainable development if the flood management would be
economically feasible, socially acceptable and environmentally sound. Moreover, future generation
resources should not be sacrificed by eliminating the hazard of floods for the present generation. In
other words, to assess whether sustainability is considered in flood control projects or not, the four
criteria (fairness, reversibility, risk and consensus) proposed by Simonovic should be observed
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(Takeuchi, 1998). Therefore, consideration of the sustainable development in flood management
projects requires observing fairness, reversibility,` risk and consensus criteria which leads decision
making to select an appropriate MCDM.
MCDMs are divided into two groups due to the tradeoff of values between different criteria. In the first
group, the low rate of an alternative for satisfying a criterion is compensated by the high value of the
criterion of another alternative. This kind of MCDM is called compensatory MCDM. In the second
group, trade-off of values between criteria is not possible and it is called non-compensatory MCDM.
Although theoretical principles of multiple criteria decision making are raised for more than two
decades and they are used in different applications in industrial engineering, a limited number of them
are applied in flood risk management (Meyer et al. 2008). They include the application of DEFINTE
software for long-term assessment of flood risk management alternatives in Netherland and Iran
(Janssen 2003; Yazdandoost and Bozorgy 2008; Bozorgy 2007). This software does multicriteria
decision making by two methods of simple weighting and Evamix, which are considered
compensatory MCDMs. In some researches, despite using particular economic, social and
environmental criteria, several compensatory decision-making models such as MACBETH model
(Measuring Attractiveness by a Categorical Based Evaluation Technique), simple weighting method
and AHP (Analytical Hierarchy Process) are used (Costa et al. 2004; Brouwer 2004; Kubal 2009;
Dang 2010; Willett 1991). In another study, a compensatory method, Utility Additive function (UTA), is
used for prioritization of sub basins for structural flood control and only technical indices of flood are
used as criteria (Kholghi 2002). Therefore, the applied MCDMs in previous researches are of
compensatory type, and due to value trade-off between criteria in these models, decision±making by
these MCDMs cannot address integrality of sustainable development criteria (SDC). In this paper,
ELETRE-III model is used as a non-compensatory decision-making model to assess flood
management alternatives based on the integrality of SDC.


0$7(5,$/$1'0(7+2'



7KHVWXG\DUHD

In this research, flood management alternatives are examined based on SDC using noncompensatory MCDM, ELECTRE-III, to reduce flood damage in a study reach of the Gorganrood
River in Golestan Province, north of Iran. The study reach starts from Golestan Dam I and continues
to downstream of Gonbad-e Qabus City (Figure 1).

Figure 1. The location of the study area



)ORRG0DQDJHPHQW$OWHUQDWLYHV
Considering the physical, social and economic conditions of the case study area, the following
structural and non-structural alternatives are proposed for flood management in the study reach of the
Gorganrood River (Bozorgy, 2007):
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Alternative (A1): Natural conditions (no project case for comparison),
Alternative (A2): Using the flood control capacity of Golestan dam,
Alternative (A3): Construction of levees along the river,
Alternative (A4): Construction of a diversion channel in the upstream of the study area,
Alternative (A5): Using a flood forecasting and warning system,
Alternative (A6): Applying a flood insurance in the study area,
Alternative (A7): The combination of the sixth and seventh alternatives.



6XVWDLQDEOH'HYHORSPHQW,QGLFHV
To protect the benefits of future generation, flood management approach applied by the present
generation should be resiliency, economically feasible, socially acceptable and
environmentally sounds (De Bruijn, 2005; Takeuchi et al., 1998). Criteria 1-3 are designed to
examine resiliency of flood management approaches (De Bruijn, 2005). Criterion 4 and 11 are used
to inspect techno-economic feasibility, criteria 5-7 are applied to check social acceptance and criteria
8-10 are to examine environmental soundness (Table 1). The criteria should be scored to attain the
following circumstances: being feasible technically and economically, being acceptable for the present
and future residents and improving the environment to the maximum environmental soundness.
Indeed, maximization of each criterion is not leading to the fulfilment of the maximization of other
criteria. Under those circumstances, using multi-criteria decision-making is unavoidable, and a noncompensatory MCDM model should be utilized to assure all the 11 criteria are present in the decisionmaking process.
Table 1. The proposed criteria for
development
&ULWHULRQ &ULWHULRQ
1R
Crit1
Expected average
number of casualties
per year
Crit2
Recovery Rate

assessing flood management alternatives based on sustainable
'HVFULSWLRQ
The expected average number of casualties per year, which is
used to asses amplitude of flood (De Bruijn, 2005).

Crit3

Graduality

Recovering rate from the flooding state to the normal state or to
a better condition.
Increasing the system by discharge growth (De Bruijn, 2005).

Crit4

Expected Annual
Damage ( EAD )

Expected Annual Damage (EAD) is used to evaluate amplitude
of flood (De Bruijn, 2005).

Crit5

Feeling safety by people 3HRSOH¶VVDWLVIDFWLRQGXHWRWKHDFKLHYHPHQWRIDIORRG
management alternative, which helps the social sustainability of
a region.
Employment rate
Increasing the number of employment is one of the most
important factors of consensus and social sustainability.
Participation 
people participation in an alternative is a good index of
consensus and social sustainability.
Protection and
Protection and improvement of natural landscapes is an index of
improvement of natural environmental sustainability.
landscape
Protection of wild life
Protection of wild life habitat by an alternative is assessed as a
habitat
part of environmental sustainable development concept.
Protection of water
Protection of water quality against pollutants and sediment helps
quality
the improvement of the water resource and environment.
Technical feasibility and Financial and technological limitations can affect technical
construction speed
feasibility and execution speed of an alternative in developing
communities and make each alternative different from the others
in terms of economic feasibility and people consensus.

Crit6
Crit7
Crit8

Crit9
Crit10
Crit11
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To address the integrity of SDC in selecting the best alternative for flood management ELECTRE-III,
as a non-compensatory MCDM, was utilized for decision making. ELECTRE is originally proposed by
Roy (1968, 1991), and it differs from many decision-making models in two fundamental ways. First, it
explicitly incorporates the fuzzy (imprecise and uncertain) nature of decision making by using the
concept of indifference, preference and veto thresholds (Roy, 1968). Second, decision-making
models of ELECTRE are non-compensatory. That is to say, good scores on some criteria cannot
necessarily compensate for an alternative scoring very poorly in one particular criterion. Considering
these two characteristics, ELECTRE-III model can be used in ranking flood management alternatives.
Considering uncertainty or impreciseness in some of social, environmental and economic criteria, and
the necessity of keeping the integrity of SDC, ELECTRE-III model (with two above-mentioned
characteristics) is a proper model for optimal decision making of flood management projects.
In the ELECTRE-III model, to be assured of ordering E6D assertion, E is minimum as good as D, the
following two conditions should be provided:
- A concordance condition: a majority of criteria are concordant with the assertion.
- A non-discordance condition: none of the criteria strongly refuses E6D.
To make the first condition quantify, the overall concordance index is used as followings:
& E D


¦ N M & M D E
N

(1)

where,
N

U

¦NM

(2)

M 

In (1),

& E D

is overall concordance index; N M is the importance coefficient for criterion M; & M D E is

partial concordance index related to M criterion and is obtained in the fourth interval of variation of
criteria scores of different alternatives (Table 2). If JM D and JM E are scores of a and b alternative to
criterion, respectively, and TM, SMand ȣM are indifference, preference and veto of criterion M, respectively.
There are four intervals for JM E as shown in the second row of Table 2. Assertion E6D in these four
intervals is as shown in the third row of Table 2. In the first interval, &M, partial concordance index, is
one. It means that E6D assertion (D at least is as good as E) is supported. In third and fourth interval,
100% of this assertion is refuted by M index. In the second interval, the percentage of E6D value is
between zero and 100 and changes linearly between the border of first and third intervals. Indeed, &M
is similar to membership function of a fuzzy parameter in the four above-mentioned intervals. This
characteristic provides the possibility to consider uncertainties and approximations of the criteria.
Table 2. Partial concordance index and discordance index
,QWHUYDO
J M E range

)LUVW
JM D T d JM E d JM D T

E6D

DȱEorEȱD
D is as good as E with
respect to j criterion and E is
as good as D with respect to
j criterion.

& M E D

1

G M E D

0

6HFRQG

7KLUG

J M D  NJ M E d J M D  S

J M D  S d J M E d J M D X

E4D
E
is
weakly
preferred to D with
for criterion j.
SM  J M D  JM E
SM TM

0

)RXUWK
J M D  X d JL E d

ESD
E is strictly preferred to D
with for criterion j.

EYD
E veto D for criterion j.

0

0

JM E  JM D  SM

XM  SM

1

In order to investigate the non-discordance condition, it is necessary to determine the discordance
index of both D and E for criterion M, (Table 2). This index is zero in the first and second interval of JM E
and in the fourth interval is one. In the third interval, this value is varied linearly from the border of
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second interval to the border of the fourth interval, between zero and one. In spite of concordance
condition that requires the combination of partial concordance index to obtain overall concordance
index, there is no need to combine discordance indices of criteria with each other and veto of one
criterion is enough alone in the final decision making and determination of credibility degree E6D. The
credibility degree of E6D is defined as:
LIG M D E d & D E
 & D E 
°
  G M D E
6 6DDE
 E  ®
°& D E  M-D E   & D E
¯

M

:KHUH- D E LVWKHVHWRI FULWHULD
6XFKWKDWG M D E ! & D E 

(3)

where, 6 ED shows credibility degree of E6D. If the overall concordance index is more than discordance
index for all criteria, credibility degree will be equal to overall concordance index, & ED . If at least one
of criteria veto E6D assertion completely, GM ED =1, credibility degree of E6D will be zero. If one or more
criteria do veto relatively (third interval of Table 2), the credibility degree will be a fraction of overall
concordance.
ELECTRE-III ranks the alternatives using credibility matrix whose members are credibility degree, E6D.
Two pre-orders = and = are produced using a descending and ascending distillation process,
respectively, and then combined to construct a partial pre-order, =ŀ=. The credibility value is
obtained from the following equation:
7 ED  LI6 ED !ȜV Ȝ 


7 ED  RWKHUZLVH(4)

The maximum value of Ȝ is the greatest member of the credibility matrix, which in this research is
equal to one. 6 Ȝ equal to 0.15 is used in this research. The values of credibility matrix show that
DVVHUWLRQ³E at least is as good as D´LVFUHGLEOHIRUZKLFKSDLUVRIDOWHUQDWLYHV,QWKLVFDVHWKHDPRXQW
of related members will be one. In addition, if this assertion is not valid, the amount will be zero. Thus,
first rank of = is determined as subtraction of the maximum of the sum of each matrix row from the
sum of each matrix column is determined. Then, the column and row related to first rank of = are
deleted and second rank alternative is determined similar way until the last rank = is selected. For
ascending ranking, =, instead of the selection of the maximum difference, the minimum difference is
the basis for the determination of alternative ranks. Finally, the final ranking is determined from
= =  =  .


5(68/76$1'',6&866,21

SDC are divided into qualitative and quantitative groups. The scores of quantitative criteria are
estimated using the method presented by De Bruin (De Bruijn 2005). The score of other criteria is
determined and averaged according to a survey from 30 experts, who are familiar with the study area.
The performance matrix of alternatives is presented in Table 3 according to the SDCs. In addition, the
importance coefficient, indifference, preference and veto thresholds of criteria are determined based
on the comments of the experts. The average of these parameters is presented in Table 4. The final
ranking is determined from = =  =  and, is shown in Table 5. Consequently, the proposed model
ranks the alternatives according to qualitative and quantitative SDCs.
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Table 3. Performance matrix of flood management alternatives
Alternatives
A1
A2
A3
A4

Criteria
Crit1
4.4
1.9
3.8
2.2
Crit2
5.7
6
5.7
5.7
Crit3
0.83
0.8
0.73
0.94
Crit4
1
0.6
0.9
5.8
Crit5
1
4
3
3.5
Crit6
11792
17767 12574 2865
Crit7
2
3
3
3
Crit8
3
5
1
2
Crit9
4
2
2
2
Crit10
1
5
2.8
3
Crit11
4
2
3
2.5

Table 4. Threshold Values and advantages of criteria

A5

A6

A7

2
6.3
0.86
0.4
4
12083
3.5
4
4
2
4

4.4
6.7
0.83
1
2.5
11792
2.5
3
4
2
3.5

2
6.7
0.83
0.4
5
12083
4
4
4
2
3

Criteria

TM

SM

Y M

N M

Crit1
Crit2
Crit3
Crit4
Crit5
Crit6
Crit7
Crit8
Crit9
Crit10
Crit11

0.2
1
0.05
1000
0.5
0.2
0.2
1
1
0.5
0.5

1
2
0.1
3000
2
1
1
2
2
1
1

2
3
0.2
7000
3
2
2
3
3
2
2

28
25
18
20
25
15
20
15
20
22
20

Table 5. Final ranking of the alternatives
$OWHUQDWLYHV
A7
A5
A2
A4
A3A6
A1

5DQN
1
2
3
4
5
6

According to the final ranking of alternatives by ELECTRE-III model, the alternatives A1, A2, (A3, A6),
A5, A7 are ranked 1 to 6 respectively. The first rank is dedicated to A7 which is the integrated
alternative of flood warning system and flood insurance. This alternative is compatible with
environment due small environmental impact. The second rank is attributed to A5, using the floodwarning system. It is obvious that A5 compared to A7, does not present a solution for social damages
and compensation from insurance for damages. In addition, A7 covers all positive attributes of A5.
Thus, A7 alternative is preferred to A5. The A2, A3, A4, which are structural alternatives, are in the
next ranks due to their negative effects on environmental. It shows that ELECTREIII due to noncompensatory involved environmental criteria in ranking beside an economic criterion. Since people
of the study area are in unsuitable economic condition and flood insurance imposes costs to poor
people, A6 is evaluated in the fifth rank as same as the level of A3, structural alternative (construction
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of the levees). Finally, the A1, which considers no project condition and keeps natural condition, is
evaluated in the final rank. This means that the results of ranking by ELECTRE-III model prefer doing
any alternative to keeping natural state. In other words, doing each of the 6 alternatives is preferred to
not doing them. However, the model could not distinguish the ranks of alternatives A3 and A6 and
rank both in same level. Therefore, the review of ranking by the proposed model shows that the
model can incorporate all SDCs using the non-compensatory characteristic of the model, but it needs
future improvement to distinguish the rank of all alternatives.





&21&/86,21

In this paper, a set of social, economic and environmental criteria are introduced as SDC for the
evaluation of flood management alternatives. To avoid replacing the weak value of a criterion in
ranking of an alternative with the strong value of another criterion, using a non-compensatory multiple
criteria decision-making model, ELECTRE-III, is proposed for ranking of the structural and nonstructural alternatives of flood management. Finally, the main conclusion of this research can be
summarized as:

The proposed model is able to grade the flood management alternatives according to
qualitative and quantitative SDC to achieve sustainable development goals.

The result of ranking by the proposed model shows that the model could include all SDCs
using the non-compensatory characteristic of the proposed model.
Based on the result of this research, the application of the proposed model and SDC are definitely
recommended for the determination of an appropriate flood management plan in harmony with
sustainable development concept.


5()(5(1&(6

Bozorgy, B., 2007. Sustainable flood management through a risk management approach.
Dissertation, K.N.TOOSI University of Technology, Tehran, Iran (In Persian).
Brouwer, R. Van-Ek R., 2004. Integrated ecological, economic and social impact assessment of
alternative flood control policies in the Netherlands. Elsevier, Ecol. Econ. 50, 1-21.
Costa, C.A.B.E., Dasilva, P.A.D., Correia F.N., (2004) Multicriteria Evaluation of Flood Control
Measures: The Case of Ribeira do Livramento. Water Resour. Manage. 18, 263±283.
Dang N.M., Babel, M.S., Luong, H.T., 2010. Evaluation of flood risk parameters in the Day River
Flood Diversion Area, Red River Delta, Vietnam. Springer, Nat. Hazards. DOI 10.1007/s11069-0109558-x.
De Bruijn KM (2005) Resilience and flood risk management; A systems approach applied to lowland
rivers. 216 pp.
Janssen, R., Herwijnen, M., Beinat, E., 2003. Definite-case studies and user manual. Vrije Universiteit
Amsterdam/IVM, Amsterdam.
Kholghi, M., 2002. The Use of MDCM Method in Prioritizing Sub-Watersheds Structural Flood Control.
Iran J of Nat. Resour. 55, 479-490 (In Persian).
Kubal, C., Haase, D., Meyer, V., Scheuer. S., 2009. Integrated urban flood risk assessment±adapting
a multicriteria approach to a city. Nat. Hazards Earth Syst. Sci., 9, 1881±1895.
Meyer, V., Scheuer, S., Haase, D., 2008. A multicriteria approach for flood risk mapping exemplified
at the Mulde River, Germany. Springer, Nat. Hazards 48, 17±39.
Roy, B., 1968. Classement et choix en presence de points de vue multiples, la methode ELECTRE.
RIRO 2, 57±75.
Roy, B., 1991. The outranking approach and the foundation of ELECTRE methods. Theory and
Decision 31, 49±73.
Simonovic, S.P., 1999. Social criteria for evaluation of flood control measures: Winnipeg case study.
Elsevier, Urban Water 1, 167-175.
Simonovic, S.P., 2002. Non-structural measures for water management problems. Proceedings of the
International Workshop London, Ontario, Canada 18 ± 20, October 2001.
Takeuchi, K., Hamlin, M., Kundzewics, Z.W., Rosbjerg, D., Simonovic, S.P., 1998. Sustainable
Reservoir Development and Management. IAHR Publ No 251.
WCED (World Commission on Environment and Development) (1987) Our Common Future (The
Brundtland Report). Oxford University Press, Oxford, UK.

Page 1665

%DQLKDELE0( /DJKDEGRRVW$UDQL$0XOWLFULWHULD'HFLVLRQ0DNLQJIRU)ORRG0DQDJHPHQW%DVHGRQ6XVWDLQDEOH
'HYHORSPHQW&ULWHULD

Willett, K., Sharda, R., 1991. Using the Analytic Hierarchy Process in Water Resources Planning:
Selection of Flood Control Projects. Pergamon Press plc, Socio-Econ. Plann. Sci. 25, 103-112.
Yazdandoost, F., Bozorgy, B., 2008. Flood risk management strategies using multi-criteria analysis.
Proc. of the Inst. of Civ. Eng. Water Manage 161 October 2008 Issue WM5: 261±266. doi:
10.1680/wama.2008.161.5.261.

Page 1666

